Feasibility of in vivo multichannel optical imaging of gene expression: experimental study in mice.
To develop and test a multichannel reflectance imaging system for small animals on the basis of a previously developed single-channel setup. The imaging system was composed of modular parts, including a light source, excitation filters, emission filters, and a charged-coupled device for recording images. On the basis of generated excitation and absorption spectra of green fluorescent protein (GFP), tricarbocyanine 5.5 (Cy5.5), and indocyanine green (ICG), filters were selected to allow spectral separation and optimize resultant recorded signal. The system was tested by using a combination of the fluorochromes to confirm spectral separation. In vivo tests were performed in nude mice with tumors that expressed cathepsin B, which could be evaluated by using a Cy5.5-based activatable probe and GFP. For each in vivo tumor type and channel, statistical analysis was performed on the basis of signal intensity in the region of interest. The different fluorochromes were readily distinguished with the system; characteristics such as power were determined for all wavelengths. The system demonstrated a linear response for GFP, a monotonic response for Cy5.5 over a range of more than three orders of magnitude of concentration, and a more complex response for ICG. In vivo analysis demonstrated the ability to image GFP expression and cathepsin B expression separately in tumors: As expected, marked differences were observed in GFP-expression imaging between tumor types (1,363 arbitrary units [AU] +/- 236 [SD] vs 110 AU +/- 11 for GFP-positive and GFP-negative tumors, respectively; P <.001), whereas similar cathepsin B expression (1,070 AU +/- 285 vs 1,168 AU +/- 367; P >.5) was observed. Histologic analysis confirmed in vivo findings. Imaging multiple gene expressions simultaneously in vivo by using optical imaging is feasible.